Results-There were 12 colorectal cancers. Six cancers were diagnosed prior to the diagnosis of PSC. Among the 104 patients with an intact colon at the time of the diagnosis of PSC there was a cumulative risk for colorectal cancer of 16% after 10 years. Among the 58 patients with a diagnosis of ulcerative colitis and colorectal cancer prior to the diagnosis of PSC, there were five colorectal cancers corresponding to a cumulative risk of 25% after 10 years. Conclusions-Patients with ulcerative colitis and concomitant PSC seem to constitute a subgroup with a high risk for colorectal cancer. (Gut 1997; 41: 522-525) Keywords: ulcerative colitis; primary sclerosing cholangitis; colorectal cancer Patients with ulcerative colitis have an increased risk of colorectal cancer. The magnitude of this risk varies in diVerent studies with a range in cumulative risk of between 1% and 3% 10 years after diagnosis in patients with pancolitis and around 10% after 20 years.
Patients with ulcerative colitis have an increased risk of colorectal cancer. The magnitude of this risk varies in diVerent studies with a range in cumulative risk of between 1% and 3% 10 years after diagnosis in patients with pancolitis and around 10% after 20 years. [1] [2] [3] [4] [5] [6] Duration, age, and extent of the disease at onset are the only established risk factors for malignant transformation. 1 Recently published studies also indicate that patients with ulcerative colitis who have had no pharmacotherapy, have an increased risk for colorectal cancer compared with patients treated with sulphasalazine. [7] [8] [9] This could indicate that an inflammatory component is of importance for malignant transformation. Patients with ulcerative colitis with a diagnosis of primary sclerosing cholangitis (PSC) constitute another subgroup which also has been implicated to be at especially high risk for colorectal cancer, DNA aneuploidy, and/or colonic dysplasia, [10] [11] [12] [13] [14] although such an association has recently been challenged. 15 The majority of patients with PSC also have an associated inflammatory bowel disease, especially ulcerative colitis. 16 The occurrence of PSC in patients with ulcerative colitis is dependent on the extent of the disease. 15 17 A population based Swedish study found a prevalence of 5.5% in patients with substantial colitis and 0.5% in patients with distal colitis. 17 These estimates have been confirmed by other studies from referral centres where a similar prevalence of about 5% has been found. 18 19 All reports indicating that patients with ulcerative colitis and concomitant PSC are at especially high risk for colorectal cancer emanate from referral centres and valid comparisons with other patients with ulcerative colitis are lacking. Thus, in order to provide reliable risk estimates we conducted a population based cohort study of patients with PSC followed up for the occurrence of colorectal cancer.
Methods
The Swedish Health Care system is based on 26 counties. Health care is largely financed by taxes imposed by the county and charges for medical services are kept low. Because the private hospital sector is very small in Sweden, hospital provided medical services are population based and referable to a county.
Endoscopic retrograde cholangiopancreatography (ERCP) was gradually introduced in Sweden in the early 1970s. We identified seven hospitals with a background population of 990 000 people, where the method was introduced at an early stage. In one of those hospitals, South Hospital in Stockholm, PTC (percutaneous transhepatic cholangiography) had been used routinely as a diagnostic tool since 1964. Through an extensive search in the archives in these seven diVerent hospitals between the years 1964-91 we identified all patients which had been subjected to an ERCP or PTC within each catchment area (approximately 5000), thus creating a population based cohort of all incident and prevalent PSC cases within a defined population.
All Swedish residents are exclusively identified by a 10 digit national registration number. Through this identifier we retrieved all patient charts of those with a suspected diagnosis of PSC. From the charts we retrieved information on medical history including a prior or later diagnosis of inflammatory bowel disease and if and when a patient had had a colectomy.
The Swedish National Cancer Registry has been in operation since 1958. Physicians and pathologists or cytologists are obliged to report all newly diagnosed malignant tumours, making the Registry almost complete. 20 At the time of this study the Registry was complete as of 31 December 1991, which was the closing date of follow up. The Registry of Causes of Death includes the date of death for all deceased persons as well as the underlying cause of death. It contains information on individual deaths in Sweden from 1952. The deceased has to be a Swedish resident and all deaths are registered irrespective of whether or not the death occurs in Sweden. Through linkage with the Swedish Cancer Registry and the Death Registry all cases of colorectal cancer were identified as well as the date of the diagnosis of cancer and date of death.
In order to calculate the cumulative risk of colorectal cancer starting at time of the diagnosis of PSC, we used the actuarial method (Kaplan-Meier) censoring for death and colectomy. 21 In a further analytical approach, the duration of ulcerative colitis before the diagnosis of colorectal cancer was analysed and patients were considered to be at risk for colorectal cancer only after the diagnosis of PSC.
Results
We identified 125 patients who fulfilled the criteria of PSC verified by ERCP or PTC between the years 1964-91. There were 82 men and 43 women. Table 1 presents age at PSC diagnosis in all patients and duration between ulcerative colitis and PSC diagnosis in 79 patients with a prior diagnosis of ulcerative colitis.
In 79 patients, inflammatory bowel disease was diagnosed prior to PSC. In 75, the inflammatory bowel disease diagnosis was stated as ulcerative colitis; in four the diagnosis was either categorised as indeterminate colitis or suspected Crohn's disease. All 79 patients will, however, be analysed as one entity. The mean age at diagnosis of PSC for ulcerative colitis patients was 39.2 years. This group was younger than those with PSC without ulcerative colitis (52.2 years). In addition six patients were diagnosed as having ulcerative colitis subsequent to the PSC diagnosis. Twenty one patients had had a colectomy before the diagnosis of PSC. Through linkage with the Swedish Cancer Registry 12 colorectal cancers were identified. Six of those cancers were diagnosed prior to diagnosis of PSC which in all instances had lead to a proctocolectomy. Among the 104 patients with PSC and intact colon available for follow up there was a cumulative risk of 16% for colorectal cancer 10 years after the diagnosis of PSC (fig 1, var A) . Confining the analysis to those 58 patients with a prior diagnosis of ulcerative colitis and with an intact colon, there were five colorectal cancers corresponding to a cumulative risk close to 25% 10 years after diagnosis of PSC (fig 1, var  B) .
In a second analytical approach, the cumulative risk of colorectal cancer was assessed by duration since date of diagnosis of ulcerative colitis. In this analysis the patients were regarded as being at risk only after the date of diagnosis of PSC. The cumulative risk of colorectal cancer was 10%, 33%, and 40%, respectively, 10, 20, and 30 years after the diagnosis of ulcerative colitis (fig 2) .
Discussion
This study is the first attempt to assess the magnitude of the risk of colorectal cancer in patients with ulcerative colitis and PSC in a population based setting. Our results indicate that this patient group constitutes a subgroup of patients with ulcerative colitis with an especially high cumulative risk for colorectal cancer. These results are in accordance with other studies where a slightly diVerent outcome, such as DNA aneuploidy and/or Var A Var B Var A 10 dysplasia, has been analysed. 11 It is also obvious from our results that the increased risk for colorectal cancer in patients with PSC is confined to those with a diagnosis of inflammatory bowel disease.
Our statement that patients with ulcerative colitis and PSC are at especially high risk for colorectal cancer might be questioned due to the lack of a well defined control group of patients with ulcerative colitis. For comparison purposes our study therefore has to rely on other studies from diVerent populations or time periods for the assessment of the risk of colorectal cancer. 1 The cumulative risk of colorectal cancer in patients with ulcerative colitis 10 years after diagnosis has been estimated at most to increase 10-15% every additional decade following diagnosis. 1 22 23 Thus, our finding of a cumulative risk of 25% during the first 10 years after the diagnosis of PSC (fig 1, var B) is unprecedented in previous studies. However, when the duration of ulcerative colitis is analysed as the relevant exposure in the present study ( fig 2) the cumulative risk of 33% after 20 years is high but not unprecedented compared with some other studies. 2 4 The recent study from the Mayo Clinic did not find an increased risk for colorectal cancer among patients with ulcerative colitis and PSC compared with other patients with ulcerative colitis. In addition to the low statistical power, the fact that the study emanated from a single referral centre could at least partially explain the diVerences in the results. Patients from a single referral centre might be subjected to an intensified colonoscopic surveillance, and thus a higher rate of colectomy (37% versus 17% in our study). 24 The main weakness of this study is the small number of patients enrolled; the calculation of the cumulative risk of colorectal cancer in patients with ulcerative colitis emanates from only five cases of cancer. On the other hand, the strength of this study is the fact that it is population based and the methodology used by creating a cohort from ERCP and PTC registries minimises the risk of selection bias. Moreover, the follow up through the Swedish Cancer Registry is non-diVerential and there is no reason to believe that surveillance bias with regard to occurrence of colorectal cancer should be a concern compared with other patients with ulcerative colitis.
Another interesting finding in our study was the presence of six colorectal cancers diagnosed prior to the diagnosis of PSC in the group of patients with ulcerative colitis. Selection bias could be a concern in this group as the follow up of patients who received surgery for colorectal cancer often includes repeated tests of liver function and thus perhaps an earlier diagnosis of PSC. On the other hand, mortality from colorectal cancer in patients with ulcerative colitis does not diVer from that of other patients with colorectal cancer. Around 50% of patients diagnosed with colorectal cancer will succumb to the disease within five years. 25 This excess mortality could lead to an underestimation of PSC in patients with ulcerative colitis and colorectal cancer as they will not survive until a potential diagnosis of PSC. The excess number of colorectal cancers diagnosed before the diagnosis of PSC diagnosis indicates that it is not the PSC diagnosis as such which is associated with an increased risk of colorectal cancer in this patient group. A more feasible explanation is that this subgroup of patients has a common feature resulting in an increased risk of both PSC and colorectal cancer.
The underlying biological mechanism for the association of PSC and colorectal cancer is still unknown. However, proctocolectomy in patients with ulcerative colitis does not alter the course of PSC 26 and the risk of colorectal dysplasia/cancer does not seem to be influenced by liver transplantation in patients with PSC and ulcerative colitis. 27 Patients with ulcerative colitis and PSC are also often characterised by a disease with low activity or even a "silent" disease. 13 16 It is not uncommon that the diagnosis of ulcerative colitis is made simultaneously or even after a diagnosis of PSC, as in the present study. This patient group will therefore be subjected to pharmacological therapy less frequently than other patients with ulcerative colitis. Pharmacological therapy, especially sulphasalazine, has been shown to be associated with a decreased risk of colorectal cancer both indirectly 8 and directly, 7 and could at least partly explain the high risk of colorectal cancer in this patient group. Finally, it is not inconceivable that a cohort of patients with ulcerative colitis does not constitute one disease entity. However, there is a strong association between ulcerative colitis and PSC and a group of patients with both diseases will therefore constitute a "pure" group of patients with ulcerative colitis. If the risk estimates for colorectal cancer in patients with ulcerative colitis have emanated from patient groups diluted by other diseases mimicking ulcerative colitis, or if ulcerative colitis is a mixture of diVerent disease entities in which only some are associated with an increased risk for colorectal cancer, this could also, at least partly, explain our findings of an excess morbidity in colorectal cancer in patients with ulcerative colitis and concomitant PSC.
In conclusion, patients with ulcerative colitis and concomitant PSC seem to constitute a subgroup of patients with ulcerative colitis with an especially high risk for colorectal cancer. This patient group should therefore be informed and targeted for surveillance, thus minimising the risk for early death from this malignancy.
